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CONTROLLER OF VEHICLE 

[0001] Priority is claimed from JP 2002-371009 filed December 20, 2002, the 
disclosure of which is incorporated herein by reference thereto. 

BACKGROUND OF THE INVENTION 

For the purposes of this application, ignition, and variants thereof means the starting- 
up or initial cylinder firing of the vehicle and advancing, and variants thereof, means starting 
movement of the vehicle. 

1. Field of Invention 

[0002] The invention relates to a controller of a vehicle having an idle stop function, 
and particularly relates to the controller of a vehicle suitably used in a hybrid vehicle 
constructed by connecting a motor to the crank shaft of an engine, and more specifically 
changing ignition, or starting-up, timing of the engine on the basis of load torque given to the 
motor at an advancing, or start of vehicle movement, time after the idle stop. 

2. Description of Related Art 

[0003] For example, in the vehicle, such as the hybrid vehicle, etc., having the idle 
stop function, there is conventionally a structure for starting the engine by turning on injection 
and igniting, or starting-up, the engine after the vehicle is advanced by driving the motor and 
the engine is rotated in advancing the vehicle from a stopping state of the engine during the 
vehicle stoppage. JP-A-1 1-173 174 (in particular columns 8-11, Figs. 9, 10 and 11) provides 
an example of such. 

[0004] When the engine is ignited, or initially started, in the state of low speed 
rotation, a relatively large torque is required to start the rotation of the engine. Accordingly, a 
large amount of fuel is used so that the amount of discharge gas is increased and has a bad 
influence on, e.g., an exhaust device, such as a muffler. Accordingly, there is a fear that the 
so-called emissions become worse. Therefore, in the vehicle having the idle stop function 
mentioned as above, it is desirable to ignite, or start-up, the engine after the rotation of the 
engine is raised to high speed rotation, as much as possible, by the motor as at the advancing 
time. 

[0005] However, for example, when the engine has a low temperature (namely, the 
water temperature of the engine is low) and an automatic speed change gear has a low 
temperature (namely, the temperature of lubricating oil is low and the viscosity of the 
lubricating oil is high), etc., their dragging torques are large. Namely, the load torque with 
respect to the motor becomes large. Accordingly, when the engine and the automatic speed 



change gear are rotated by the motor in advancing the vehicle, a relatively large amount of 
electric power is consumed. Therefore, there is a fear that the improvement in fuel cost in the 
vehicle is prevented. 

SUMMARY OF THE INVENTION 

[0006] Therefore, an object of the invention is to provide a controller of the vehicle 
for solving the above problems by igniting, or starting-up, the engine oh the basis of a load 
condition having an influence on the magnitude of the load torque given to the motor in 
advancing the vehicle by the motor. 

[0007] An embodiment of the invention is a controller of a vehicle having an engine 
for outputting driving rotation by a crank shaft, a motor connected to the crank shaft of the 
engine, and a battery for supplying electric power to the motor, the controller of the vehicle 
including engine stopping means for freely stopping the operation of the engine at a stopping 
time of the vehicle, and motor control means for driving the vehicle and rotating the engine 
by controlling the driving of the motor at an advancing time of the vehicle, wherein the 
controller further includes load condition detecting means for detecting a load condition 
having an influence on the magnitude of load torque given to the motor during the stoppage 
of the engine when the vehicle is advanced by the motor; ignition condition setting means for 
setting an ignition, or start-up, condition for starting the engine on the basis of the load 
condition detected by the load condition detecting means; ignition condition judging means 
forjudging that the ignition condition set by the ignition condition setting means is formed; 
and engine ignition means for igniting the engine on the basis of the judging result of the 
ignition condition judging means. 

[0008] Further, the controller may include a rotation number detecting means for 
detecting the rotation number of the engine, and the ignition condition setting means sets an 
ignition starting rotation number of the engine as the ignition condition on the basis of the 
load condition, and the ignition condition judging means judges that the ignition condition is 
formed when the rotation number of the engine detected by the rotation number detecting 
means reaches the ignition starting rotation number. 

[0009] Further, the ignition condition setting means may lowly set the ignition 
starting rotation number when the load torque given to the motor on the basis of a large load 
condition and highly set the ignition starting rotation number when the load torque given to 
the motor on the basis of a small load condition. 



1 



3 

[0010] In the controller, the motor control means has rotation number control means 
for controlling the rotation number of the motor by setting a target rotation number at the 
advancing time of the vehicle, and the rotation number control means lowly sets the target 
rotation number when the load torque given to the motor is large. 

[001 1] In the controller of the vehicle as above, wherein the engine is a water 
cooling type engine, and the load condition detecting means has engine water temperature 
detecting means for detecting the water temperature of the water cooling type engine and 
detects the water temperature of the water cooling type engine as the load condition, and the 
ignition condition setting means sets the ignition condition on the basis of the water 
temperature of the water cooling type engine. 

[0012] The controller may further include request torque detecting means for 
detecting the torque requested by a driver, and the ignition condition setting means sets the 
ignition condition on the basis of the water temperature of the water cooling type engine and 
the requested torque. 

[0013] The controller as described above, wherein the vehicle includes an automatic 
speed change gear having a speed changing mechanism lubricated by lubricating oil and 
changing the speeds of driving rotations of the engine and the motor and outputting the 
changed speeds to a driving wheel, and the load condition detecting means has lubricating oil 
temperature detecting means for detecting the temperature of the lubricating oil of the 
automatic speed change gear, and detects the temperature of the lubricating oil of the 
automatic speed change gear as the load condition, and the ignition condition setting means 
sets the ignition condition on the basis of the temperature of the lubricating oil of the 
automatic speed change gear. 

[0014] The controller of the vehicle as described above, wherein the controller 
further includes ignition condition correcting means for correcting the ignition condition set 
by the ignition condition setting means on the basis of a predetermined condition. 

[001 5] Further, the controller may include battery remaining amount detecting 
means for detecting the remaining charging amount of the battery, and the ignition condition 
correcting means corrects the ignition condition on the basis of the remaining charging 
amount of the battery detected by the battery remaining amount detecting means as the 
predetermined condition. 

[0016] In addition, the controller of the vehicle may include battery performance 
detecting means for detecting a performance state of the battery, and the ignition condition 
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correcting means corrects the ignition condition on the basis of the performance state of the 
battery detected by the battery performance detecting means as the predetermined condition. 

[001 7] The controller may also include battery temperature detecting means for 
detecting the temperature of the battery, and the ignition condition correcting means corrects 
the ignition condition on the basis of the temperature of the battery detected by the battery 
temperature detecting means as the predetermined condition. 

[0018] The controller may further include external air temperature detecting means 
for detecting the external air temperature of the vehicle, and the battery temperature detecting 
means detects the temperature of the battery on the basis of the detection of the external air 
temperature detecting means. 

[0019] In accordance with the described embodiment, the load condition detecting 
means detects the load condition having an influence on the magnitude of load torque given 
to the motor during the stoppage of the engine when the vehicle is advanced by the motor. 
The ignition condition setting means sets the ignition condition for starting the engine on the 
basis of the load condition. The ignition condition judging means judges that the ignition 
condition set by the ignition condition setting means is formed. The engine ignition means 
ignites the engine on the basis of the judging result of the ignition condition judging means. 
Accordingly, it is possible to set the timing for igniting the engine in accordance with the 
magnitude of the load torque given to the motor at the advancing time from the course of the 
engine stoppage. Therefore, emissions and fuel cost can be improved. 

[0020] Additionally, the ignition condition setting means sets an ignition starting 
rotation number of the engine as the ignition condition, and the ignition condition judging 
means judges that the ignition condition is formed when the rotation number of the engine 
reaches the ignition starting rotation number. Accordingly, the timing for igniting the engine 
can be set on the basis of the actual engine rotation number. 

[0021] Further, the ignition condition setting means lowly sets the ignition starting 
rotation number when the load torque given to the motor on the basis of the load condition is 
large, and highly sets the ignition starting rotation number when the load torque given to the 
motor on the basis of the load condition is small. Accordingly, when the load torque given to 
the motor is increased, the engine can be ignited by low speed rotation so that an increase in 
power consumption can be prevented. Thus, fuel cost can be improved. Further, when the 
load torque given to the motor is small, the engine can be ignited by high speed rotation so 
that emissions can be improved. 



[0022] In addition, the rotation number control means lowly sets the target rotation 
number when the load torque given to the motor is large. Accordingly, power consumption 
can be restrained. 

[0023] Further, the load condition detecting means detects the water temperature of 
the engine as the load condition, and the ignition condition setting means sets the ignition 
condition on the basis of the water temperature of the engine. Accordingly, the timing for 
igniting the engine can be set in accordance with the magnitude of the load torque given to 
the motor having an influence due to the temperature of the engine. Thus, emissions and fuel 
cost can be improved. 

[0024] In accordance with the embodiment, the ignition condition setting means 
sets the ignition condition on the basis of the water temperature of the engine and the 
requested torque. Accordingly, the timing for igniting the engine can be set in accordance 
with the magnitude of the load torque given to the motor having the influence due to the 
temperature of the engine and the magnitude of the load torque given to the motor having an 
influence due to the requested torque. Thus, emissions and fuel cost can be further improved. 

[0025] Additionally, the load condition detecting means detects the temperature of 
the lubricating oil of the automatic speed change gear as the load condition, and the ignition 
condition setting means sets the ignition condition on the basis of the temperature of the 
lubricating oil of the automatic speed change gear. Accordingly, the timing for igniting the 
engine can be set in accordance with the magnitude of the load torque given to the motor 
having an influence due to the temperature of the lubricating oil of the automatic speed 
change gear. Thus, emissions and fuel cost can be improved. 

[0026] In the embodiment, the ignition condition correcting means corrects the 
ignition condition set by the ignition condition setting means on the basis of a predetermined 
condition. Accordingly, the set ignition timing of the engine can be changed on the basis of 
the predetermined condition. 

[0027] Further, the ignition condition correcting means may correct the ignition 
condition on the basis of the remaining charging amount of the battery as the predetermined 
condition. Accordingly, the ignition timing of the engine can be changed in accordance with 
the remaining charging amount. Thus, for example, when the remaining charging amount of 
the battery is large, electric power is consumed by delaying the ignition timing of the engine. 
Further, for example, when the remaining charging amount of the battery is small, the ignition 
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timing of the engine is hastened so that the consumption of the electric power can be 
restrained. 

[0028] Additionally, the ignition condition correcting means corrects the ignition 
condition on the basis of the performance state of the battery as the predetermined condition. 
Accordingly, the ignition timing of the engine can be changed in accordance with the 
performance state of the battery. Thus, for example, when the performance state of the 
battery is bad, the ignition timing of the engine is hastened so that a reduction in voltage can 
be prevented. 

[0029] The embodiment can also be such that the ignition condition correcting 
means corrects the ignition condition on the basis of the temperature of the battery as the 
predetermined condition. Accordingly, the ignition timing of the engine can be changed in 
accordance with the temperature of the battery. Thus, for example, when the temperature of 
the battery is low, the ignition timing of the engine is hastened so that electric power 
consumption is restrained. Thus, a voltage drop can be prevented. Additionally, the 
temperature of the battery can be detected by detecting the external air temperature of the 
vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] The invention will be described with reference to the drawings in which: 
[0031] Fig. 1 is a block diagram showing the driving system of a vehicle in the 
invention; 

[0032] Fig. 2 is a block diagram showing a controller of the vehicle in the 
invention; 

[0033] Fig. 3 is a flow chart showing engine starting control; 

[0034] Fig. 4 is a time chart showing the case of a low temperature time of engine 

water; 

[0035] Fig. 5 is a time chart showing the case of an ordinary temperature time of the 
engine water; 

[0036] Fig. 6 is a time chart showing the case of a high temperature time of the 
engine water; and 

[0037] Fig. 7 is a view showing a target rotation number map and an ignition 
rotation number map. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



[0038] The driving system of a vehicle able to apply the vehicle controller of the 
invention thereto will first be explained using Fig. 1. As shown in Fig. 1, a driving source 
includes an engine 2, of a water cooling type, and a motor-generator (M/G) (hereinafter 
simply called a "motor") 3. The driving source is connected such that the output rotation of 
the motor 3 is outputted to an output shaft connected to a crank shaft of the engine 2, i.e., 
such that the motor 3 is directly connected to the engine 2 in driving without any interposing 
elements, e.g., a clutch. The engine 2 and motor 3 driving rotations are outputted to an 
automatic speed change gear 10. The automatic speed change gear 10 comprises a torque 
converter (T/M) 4, an automatic speed change mechanism 5, a hydraulic pressure controller 6, 
a mechanical type oil pump 7, and an electric oil pump 8. 

[0039] The automatic speed change mechanism 5 changes the speed of the inputted 
driving rotation on the basis of a vehicle running situation using a gear mechanism (or a gear 
mechanism and a belt type pulley), and outputs the changed speed to the driving wheel. 
Plural frictional engaging elements for changing the rotation speed are arranged in the 
automatic speed change mechanism 5. The hydraulic pressure controller 6 is used for 
changing the rotation speed by hydraulically controlling the engagement of the frictional 
engaging elements, and controlling the operation of the torque converter 4. 

[0040] The mechanical type oil pump 7 and the electric oil pump 8 supply the 
hydraulic pressure to the hydraulic pressure controller 6. The mechanical type oil pump 7 
works with the engine 2 (and the motor 3) and is operated by the rotation of the engine 2 to 
generate the hydraulic pressure in the hydraulic pressure controller 6. The electric oil pump 8 
is arranged independently of the driving force of the engine 2 (and the motor 3), and is 
operated by a motor for the electric oil pump in which electric power is supplied from a 
battery (not shown). The electric oil pump 8 generates the hydraulic pressure in the hydraulic 
pressure controller 6 on the basis of the electric power (voltage). 

[0041] When the hydraulic pressure in the hydraulic pressure controller 6 is 
generated by the mechanical type oil pump 7 and the electric oil pump 8, oil is supplied to the 
gear mechanism of the automatic speed change mechanism 5 as lubricating oil through the 
hydraulic pressure controller 6. The lubricating oil may be also directly supplied to the gear 
mechanism from the mechanical type oil pump 7 and the electric oil pump 8. 

[0042] As shown in Fig. 2, the controller 1 of the vehicle in the invention has a 
motor control means 20 for controlling the operation of the motor 3, and an engine control 
means 30 for controlling the operation of the engine 2. 
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[0043] The engine control means 30 has an engine stopping means 31 for freely 
stopping the operation of the engine 2, particularly at a stopping time of the vehicle, etc., and 
an engine igniting means 32 for igniting the engine 2, i.e., to start-up the engine 2. Thus, the 
engine control means 30 performs a so-called idle stop. The motor control means 20 has a 
rotation number control means 21 and a torque control means 22. The rotation number 
control means 21 controls the rotation number of the motor 3 by setting a target rotation 
number Nl on the basis of the water temperature and a throttle aperture 0d of the engine 2, 
described later in detail, using a target rotation number map mapl, as shown in Fig. 7, 
particularly at an advancing time, or start of movement, of the vehicle. The torque control 
means 22 controls the torque of the motor 3 in accordance with the required torque. The 
motor control means 20 freely performs driving control and regenerative control of the motor 
3. At the idle stop time, the motor control means 20 advances the vehicle by controlling the 
driving of the motor 3, and rotates the engine 2 through the output shaft of the engine 2. 

[0044] The controller 1 has a request torque detecting means 40 for detecting torque 
(throttle aperture 0d) requested (requested torque) by a driver using an accelerator pedal 12 
(or using a throttle aperture sensor (not shown)), a starting condition judging means 50 for 
judging that a condition for starting the engine 2 occurs, a load condition detecting means 60 
for detecting a load condition having an influence on the magnitude of load torque applied to 
the motor 3 when the vehicle is advanced by the motor 3 at the idle stop time, an ignition 
condition setting means 70 for setting an ignition condition of the engine 2 on the basis of the 
detecting result of the load condition, an ignition condition judging means 80 forjudging that 
the ignition condition occurs, and an ignition condition correcting means 90 for correcting the 
ignition condition on the basis of a predetermined condition. 

[0045] The above load condition detecting means 60 has an engine water 
temperature detecting means 61 connected to a water thermometer 15 arranged, e.g., within a 
radiator of the engine 2, etc. The engine water temperature detecting means 61 detects the 
cooling water temperature of the engine 2, and also has a lubricating oil temperature detecting 
means 62 connected to a lubricating oil thermometer 17 arranged e.g., within the hydraulic 
pressure controller 6 of the automatic speed change gear 10, that detects the temperature of 
the lubricating oil of the automatic speed change gear 10. The load condition detecting means 
60 detects the water temperature of the engine 2 and the temperature of the lubricating oil of 
the automatic speed change gear 10 as the load condition. 
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[0046] The ignition condition setting means 70 has an ignition rotation number map 
map2 as shown in Fig. 7. The ignition condition setting means 70 sets an ignition rotation 
number (ignition starting rotation number) N2 of the engine 2 as the ignition condition, using 
the ignition rotation number map map2, on the basis of the water temperature of the engine 2 
detected as the load condition by the engine water temperature detecting means 61 and the 
throttle aperture 6d detected by the request torque detecting means 40. 

[0047] The ignition condition setting means 70 may also set the ignition rotation 
number N2 of the engine 2 on the basis of the temperature of the lubricating oil of the 
automatic speed change gear 10 detected by the lubricating oil temperature detecting means 
62 as the load condition, and the throttle aperture 0d detected by the request torque detecting 
means 40 from a map (not shown), etc., for example. Further, the ignition condition setting 
means 70 may also set the ignition rotation number N2 of the engine 2 on the basis of the 
water temperature of the engine 2, the temperature of the lubricating oil of the automatic 
speed change gear 10, and the throttle aperture 0d as the load condition. 

[0048] The ignition condition judging means 80 has an engine rotation number 
detecting means 81 connected to a rotation number sensor 16 associated with an output shaft 
(not shown) of the engine 2, for example, and detecting the rotation number of the engine 2. 
The ignition condition judging means 80 judges whether the actual engine rotation number 
Ne becomes the engine ignition rotation number N2 set by the ignition condition setting 
means 70, i.e., whether the ignition condition occurs. When the ignition condition occurs, the 
engine ignition means 32 turns on injection and ignites, i.e., starts-up, the engine 2. 

[0049] The ignition condition correcting means 90 has a battery remaining amount 
detecting means 91 , a battery performance detecting means 92 and a battery temperature 
detecting means 93. The battery remaining amount detecting means 91 is connected to a 
battery 13 for supplying electric power to the motor 3, and detects the remaining charge 
amount SOC of the battery 13. The battery performance detecting means 92 is similarly 
connected to the battery 13 for supplying the electric power to the motor 3, and detects a 
performance state SOH of the battery 13. The battery temperature detecting means 93 is 
connected to an external air thermometer (external air temperature detecting means) 1 1 
arranged in, e.g., the car body, and detects the temperature of the battery 13 on the basis of the 
external air temperature. The ignition condition, i.e., the engine ignition rotation number N2 
is corrected with the remaining charge amount SOC, the performance state SOH and the 
temperature of the battery 13. The performance state SOH of the battery 13 is a state of 
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performance, such as oldness and newness of the battery 13, etc., caused by the degree of so- 
called exhaustion. 

[0050] Next, the control of the controller 1 will be explained. As shown in Fig. 3, 
when engine starting control is started during an engine stop (SI), the starting condition 
judging means 50 judges brake OFF, throttle ON from the detection results of, e.g., the 
request torque detecting means 40, etc., and a vehicle speed of 0 or more from vehicle speed 
sensor (not shown), i.e., vehicle is stationary or is moving forward, for example, due to a 
slope or action of the motor 3. When one of these conditions occurs and an STT signal ON, 
from an ignition key (not shown), and an idle stop allowing signal ON, provided by a control 
section ECU, are judged as occurring, the starting condition judging means 50 judges that the 
engine starting condition occurs (starting judgment) (Yes in step S2). In contrast to this, 
when no engine starting condition occurs, the starting condition judging means 50 repeats the 
above operation until the engine starting condition occurs (No in step S2). 

[0051] When the engine starting condition occurs, the engine water temperature 
detecting means 61 of the load condition detecting means 60 obtains (detects) the water 
temperature of the engine 2 from the water thermometer 15, and the request torque detecting 
means 40 obtains (detects) the throttle aperture Od from the accelerator pedal 12 (S3). The 
control process then proceeds to step S4. 

[0052] At step S4, the water temperature of the engine 2, obtained from the water 
thermometer 15, and the throttle aperture Od, obtained from the request torque detecting 
means 40, are used by the rotation number control means 21 of the motor control means 20. 
Further, a motor target rotation number Nl, as a target in rotating the motor 3, is obtained and 
set with reference to the target rotation number map mapl as shown in Fig. 7. As shown by 
lines a to f of Fig. 7, this motor target rotation number Nl is set to a high rotation number as 
the throttle aperture 0d is increased, and is also set to a high rotation number as the water 
temperature of the engine 2 is raised. The rotation number control means 21 outputs rotation 
number commands to the motor 3 so as to attain the obtained motor target rotation number 
Nl, and starts motor rotation number control (S5). 

[0053] Next, when the motor rotation number control step S5 is started, it proceeds 
to step S6. In step S6, the ignition condition setting means 70 sets the engine ignition rotation 
number N2 for igniting the engine 2 with reference to the ignition rotation number map map2, 
as shown in Fig. 7, on the basis of the water temperature of the engine 2 and the throttle 
aperture Od obtained in step S3. As shown by broken lines A to F of Fig. 7, the engine 
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ignition rotation number N2 is set based on the rotation number according to the throttle 
aperture Od, and is set to a higher rotation number based on an increase in the water 
temperature of the engine 2. 

[0054] Further, in this case, the ignition condition correcting means 90 obtains 
(detects) the values of a voltage, an electric current, internal resistance, etc. from the battery 
13, and the external air temperature from the external air thermometer 11. The battery 
remaining amount detecting means 91 detects the remaining charge amount SOC from the 
voltage value, the electric current value and the temperature of the battery 13. The battery 
performance detecting means 92 detects the performance state SOH from the internal 
resistance value. The battery temperature detecting means 93 detects the temperature of the 
battery 13 from the external air temperature. The ignition condition correcting means 90 
makes a correction so as to raise the above engine ignition rotation number N2 (namely, so as 
to delay the ignition of the engine 2) in order to accelerate the consumption of electric power 
when the remaining charge amount SOC is high. The ignition condition correcting means 90 
also makes a correction so as to reduce the engine ignition rotation number N2 (namely, so as 
to hasten the ignition of the engine 2) in order to prevent a reduction in voltage (to easily drop 
the voltage) when the performance state SOH is low (bad) and the temperature of the battery 
13 is low. 

[0055] The engine ignition rotation number N2 in this step S6 may be also set by 
obtaining the temperature of the lubricating oil of the automatic speed change gear 10, in step 
S3, and on the basis of the temperature of the lubricating oil and the throttle aperture 0d. 
Further, the ignition rotation number N2 of the engine 2 may be also set on the basis of the 
water temperature of the engine 2, the temperature of the lubricating oil of the automatic 
speed change gear 10, and the throttle aperture Od. 

[0056] When the engine ignition rotation number N2 is set in this way, the engine 
rotation number detecting means 81 of the ignition condition judging means 80 detects the 
actual engine rotation number Ne using the rotation number sensor 16. The ignition 
condition judging means 80 judges whether the engine ignition condition occurs by judging 
whether the actual engine rotation number Ne becomes the engine ignition rotation number 
N2, whether the above STT signal is turned on, and whether the above idle stop signal is 
turned on (S7). When the actual engine rotation number Ne does not reach the engine 
ignition rotation number N2 (No in step S7), the control returns to step S4 and steps S4 to S7 
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are repeated. In contrast to this, when the engine ignition condition is formed (Y es in step 
S7), it proceeds to step S8. 

[0057] When the process proceeds to step S8, similar to step S4, the water 
temperature of the engine 2 obtained from the water thermometer 15 and the throttle aperture 
0d obtained from the request torque detecting means 40 are obtained by the rotation number 
control means 21. Further, the motor target rotation number Nl, as a target for rotating the 
motor 3, is obtained and set with reference to the target rotation number map mapl as shown 
in Fig. 7. The rotation number control means 21 then outputs rotation number commands to 
the motor 3 to attain the obtained motor target rotation number Nl, and continues the motor 
rotation number control (S9). Because the engine ignition condition is formed in the step S7, 
injection is turned on by the engine ignition means 32 (S10). 

[0058] For example, when the engine 2 is started (ignited) and the rotation number 
is raised by the output torque from the engine 2, the rotation number control means 21 
calculates the deviation of this raising rotation number and changes (lowers) the target 
rotation number. The rotation number control means 21 controls the motor rotation number 
so as to be converged to the initial target rotation number Nl . 

[0059] Thereafter, it proceeds to step SI I. In step SI 1, it is judged whether the 
ignition of the engine 2 is terminated (namely, the engine 2 is independently running, i.e., 
requires no outside source to rotate the engine, such as the motor 3 during start-up) by the 
engine ignition means 32. When the engine 2 is not completely combusted, the control 
process returns to step S8, and steps S 8 to SI 1 are repeated until the engine 2 is completely 
combusted (No in step S I 1). When it is judged that the engine 2 is completely combusted 
(Yes in step SI 1), it proceeds to step SI 2. The control of the motor 3 is then switched from 
the rotation number control using the rotation number control means 21 to torque control 
using the torque control means 22, and the engine starting control is terminated (SI 3). 

[0060] Next, one example of the above control will be explained by dividing the 
engine water temperature into the cases of a low temperature (e.g., 20 °C), an ordinary 
temperature (e.g., 60 °C) and a high temperature (e.g., 80 °C). In the following explanation, 
the remaining charge amount SOC is an average charge amount, the performance state SOH 
is a normal state (i.e., a state in which there is no exhaustion), and the temperature of the 
battery 13 is set to an ordinary temperature. 

[0061] First, the case of the low temperature, in which the engine water temperature 
is about 20 °C, will be explained. As shown in Fig. 4, an idle stop (the engine is stopped) 
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occurs at time point tO. For example, when the brake is released (throttle is turned off, i.e., it 
is closed) at a time point tl and the engine starting condition is formed by the judgment of the 
starting condition judging means 50 (starting judgment in step S2), the water temperature of 
the engine 2 is obtained by the engine water temperature detecting means 61 and the throttle 
aperture Gd is obtained by the request torque detecting means 40 (S3). For example, the 
water temperature of the engine 2 is found to be about 20 °C, and the throttle aperture 0d is 
found to be 0 % (OFF). Accordingly, the motor target rotation number Nl is set to an idle 
rotation number by the rotation number control means 21 on the basis of line b of the target 
rotation number map mapl, shown in Fig. 7, (S4), and the rotation number of the motor 3 is 
controlled (S5). 

[0062] Further, the engine ignition rotation number N2 is set to 0 by the ignition 
condition setting means 70 on the basis of line B of the ignition rotation number map map2 
shown in Fig. 7 (S6). At the time point tl, the engine rotation number Ne is zero which is the 
engine ignition rotation number N2 (Fig. 4). Therefore, the engine ignition condition is 
formed by the judgment of the ignition condition judging means 80 (S7). Accordingly, while 
the rotation number control of the motor 3 is continued by the rotation number control means 
21 (S8, S9), injection is immediately turned on by the engine ignition means 32 (S10). 

[0063] When the motor 3 is thus driven by the rotation number control by means of 
the rotation number control means 21 at the time interval from the time point tl to a time 
point t2, the vehicle is advanced, i.e., starts moving, and the engine 2 is rotated. Because the 
injection is turned on by the engine ignition means 32, the engine 2 is ignited, i.e., started-up. 
The motor 3 initially outputs maximum output torque during this time such that the rotation 
number of the motor 3 becomes the target rotation number Nl . Thereafter, the output torque 
of the motor 3 is gradually lowered in accordance with the torque of the engine 2 outputted 
together with the starting of the engine 2. When the engine 2 is independently running at the 
time point t2 (complete combustion judgment in step SI 1), the motor 3 attains the state of 
torque control using the torque control means 22. However, the idle rotation number is 
maintained by the engine 2 and the torque is outputted from the engine 2. Accordingly, motor 
3 outputs no torque and the vehicle attains the state of creep running by the engine 2. 

[0064] When the throttle is turned on at a time point t3, assist torque is outputted by 
the motor 3 as a controlled torque (SI 2), and the engine 2 also outputs the torque according to 
the throttle aperture 9d. Thus, the engine rotation number Ne and the motor rotation number 
are raised so that the vehicle is accelerated. 
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[0065] Next, is an explanation of the case of the ordinary temperature time in which 
the engine water temperature is, e.g., about 60 °C. As shown in Fig. 5, the idle stop (engine 
stop) exists at time point t4. For example, when the brake is released (throttle is off) at a time 
point t5 and the engine starting condition is judged by the starting condition judging means 50 
(starting judgment in step S2), the water temperature of the engine 2 is obtained by the engine 
water temperature detecting means 61, and the throttle aperture 9d is obtained by the request 
torque detecting means 40 (S3). Because the water temperature of the engine 2 is about 60 
°C and the throttle aperture 9d is 0 % (OFF), the motor target rotation number Nl is set to the 
idle rotation number by the rotation number control means 21 on the basis of line d of the 
target rotation number map mapl, shown in Fig. 7, and the rotation number of the motor 3 is 
controlled (S4, S5). The engine ignition rotation number N2 is also set to the idle rotation 
number by the ignition condition setting means 70 on the basis of line D of the ignition 
rotation number map map2, shown in Fig. 7, (S6). 

[0066] When the motor 3 is thus driven, using the rotation number control, by 
means of the rotation number control means 21 at the time interval from the time point t5 to a 
time point t6, the vehicle is advanced and the engine 2 is rotated so that the engine rotation 
number Ne is raised to the idle rotation number. The motor 3 initially outputs the maximum 
output torque during this time such that the rotation number of the motor 3 becomes the target 
rotation number Nl . Thereafter, the output torque of the motor 3 is gradually lowered. 
However, because the engine 2 is not started, the motor 3 outputs torque for rotating the 
engine 2 at the target rotation number Nl (here the idle rotation number), which is a so-called 
dragging torque amount and a torque amount for creep-running the vehicle at the time point 
t6. 

[0067] When the engine rotation number Ne becomes the idle rotation number at 
time point t6, the engine rotation number Ne reaches the engine ignition rotation number N2 
set to the idle rotation number. Accordingly, the engine ignition condition is judged by the 
ignition condition judging means 80 (S7). Thus, while the rotation number control of the 
motor 3 is continued by the rotation number control means 21 (S8, S9), the injection is turned 
on by the engine ignition means 32 (S10) so that the engine 2 is ignited and started. The 
engine rotation number Ne thus begins to be raised by igniting the engine 2 at the time 
interval from the time point t6 to a time point t7. However, as mentioned above, the 
operation of the motor 3 is controlled by the rotation number control means 21 such that the 
target rotation number Nl is lowered by calculating the deviation of the raising engine 
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rotation number Ne and the rotation numbers of the engine 2 and the motor 3 are converged 
to the initial target rotation number Nl . The output torque of the motor 3 is lowered in a 
manner in which the output torque caused by the ignition of the engine 2 is absorbed. 

[0068] Thereafter, when the engine 2 is completely combusted at the time point t7 
(complete combustion judgment in step SI 1), the motor 3 attains the state of torque control 
using the torque control means 22 (SI 2). However, because the idle rotation number is 
maintained by the engine 2 and the torque is outputted from the engine 2, motor 3 outputs no 
torque and the vehicle attains the state of creep running using the engine 2. When the throttle 
is turned on at a time point t8, assist torque is outputted from the motor 3 as a controlled 
torque and the engine 2 also outputs torque according to the throttle aperture 9d. Thus, the 
engine rotation number Ne and the motor rotation number are raised so that the vehicle 
accelerates.. 

[0069] An explanation will now be made of the high temperature time in which the 
engine water temperature is, e.g., about 80 °C. As shown in Fig. 6, the idle stop (engine stop) 
occurs at a time point t9. For example, when the brake is released (throttle is toned off) at a 
time point tlO and the engine starting condition is judged by the starting condition judging 
means 50 (starting judgment in step S2), the water temperature of the engine 2 is obtained by 
the engine water temperature detecting means 61 and the throttle aperture 9d is obtained by 
the request torque detecting means 40 (S3). Because the water temperature of the engine 2 is 
about 80 °C and the throttle aperture 0d is 0 % (OFF), the motor target rotation number Nl is 
set to the idle rotation number by the rotation number control means 21 on the basis of line e 
of the target rotation number map mapl, shown in Fig. 7, and the rotation number of the 
motor 3 is controlled (S4, S5). Further, the engine ignition rotation number N2 is set to a 
rotation number slightly higher than the idle rotation number by the ignition condition setting 
means 70 on the basis of line E of the ignition rotation number map map2, shown in Fig. 7, 
(S6). 

[0070] When the motor 3 is thus driven by the rotation number control by means of 
the rotation number control means 21 at the time interval from the time point tlO to a time 
point tl 1, the vehicle is advanced and the engine 2 is rotated so that the engine rotation 
number Ne is raised until it reaches the idle rotation number. The motor 3 initially outputs 
the maximum output torque during this time such that the rotation number of the motor 3 
becomes the target rotation number Nl . Thereafter, the output torque of the motor 3 is 
gradually lowered, but the engine 2 is not started. Therefore, at the time point tl 1, the motor 
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3 outputs the torque for rotating the engine 2 at the target rotation number Nl (here idle 
rotation number), a so-called dragging torque amount (also including a torque amount for 
running the vehicle during the creep running of the vehicle). 

[0071] At the time point tl 1, the motor 3 reaches the idle rotation number as the 
target rotation number Nl so that the engine rotation number Ne also becomes the idle 
rotation number. However, engine 2 is not started as the engine ignition rotation number N2 
is set to a rotation number higher than the idle rotation number. Thereafter, the vehicle 
attains the state of the creep running by the output torque of the motor 3 at the time interval 
from the time point tl 1 to a time point tl2. Because engine 2 is not started during this time, 
the motor 3 outputs the dragging torque amount and the torque amount for performing the 
creep running. 

[0072] Thereafter, when the throttle is turned on at the time point tl2, the target 
rotation number Nl (a target rotation number higher than the idle rotation number set at the 
time points tlO to tl2) according to the throttle aperture 0d is set by the rotation number 
control means 21 on the basis of line e of the target rotation number map mapl, shown in Fig. 
7, and the rotation number of the motor 3 is controlled (S4, S5). As the rotation number of 
the motor 3 is raised so as to become the target rotation number Nl at the time interval from 
the time point tl2 to a time point tl3, the engine rotation number Ne is raised. Because the 
engine rotation number Ne reaches the set engine ignition rotation number N2 at the time 
point tl 3, the engine ignition condition is judged by the ignition condition judging means 80 
(S7). Thus, while the rotation number control of the motor 3 is continued by the rotation 
number control means 21 (S8, S9), the injection is turned on by the engine ignition means 32 
(S10) and the engine 2 is ignited, i.e., started-up. 

[0073] Because the engine 2 is thus ignited at the time interval from the time point 
tl 3 to a time point tl4, the engine rotation number Ne is further raised. However, as 
mentioned above, the operation of the motor 3 is controlled by the rotation number control 
means 21 such that the target rotation number Nl is lowered by calculating the deviation of 
the raising engine rotation number Ne and the rotation numbers of the engine 2 and the motor 
3 are converged to the original target rotation number Nl . 

[0074] Thereafter, when the engine 2 is completely combusted at the time point tl4 
(complete combustion judgment in step SI 1), the motor 3 attains the state of torque control 
using the torque control means 22 (SI 2). Because the throttle is turned on, assist torque is 
outputted from the motor 3, controlled in torque, and the engine 2 outputs torque according to 
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the throttle aperture 0d. Thus, the engine rotation number Ne and the motor rotation number 
are raised so that the vehicle is accelerated. 

[0075] As mentioned above, in accordance with the controller 1 of the vehicle in the 
invention, the load condition detecting means 60 detects the water temperature of the engine 2 
as a load condition, and the ignition condition setting means 70 sets the ignition rotation 
number N2 to a low value on the basis of the water temperature of the engine 2 when the load 
torque given to the motor 3 is large, i.e., when the water temperature of the engine 2 is low. 
The ignition condition setting means 70 sets the ignition rotation number N2 to a high value 
when the load torque given to the motor 3 is small, i.e., when the water temperature of the 
engine 2 is high. The ignition condition judging means 80 judges that the engine rotation 
number Ne reaches the ignition rotation number N2, and the engine ignition means 32 ignites 
the engine 2. Accordingly, it is possible to set timing for igniting the engine 2 in accordance 
with the water temperature of the engine 2 (in accordance with the magnitude of the load 
torque given to the motor 3). Namely, when the load torque given to the motor 3 at the 
advancing time is increased, the engine 2 is ignited by low speed rotation so that an increase 
in power consumption can be prevented. Thus, fuel cost can be improved. Further, when the 
load torque given to the motor 3 is small, the engine 2 is ignited by high speed rotation so that 
emissions can be improved. 

[0076] Further, when the load torque given to the motor 3 is large, the ignition 
rotation number N2 of the engine 2 is set low as mentioned above and the engine 2 is started 
early. Therefore, the torque is outputted from the engine 2 and the output torque of the motor 
3 can be restrained. Thus, the rotation number control means 21 can set the target rotation 
number Nl to a low value so that power consumption can be restrained. 

[0077] Further, the ignition condition setting means 70 sets the ignition rotation 
number N2 on the basis of the throttle aperture 0d as well as the water temperature of the 
engine 2. Accordingly, the timing for igniting the engine 2 can also be set in accordance with 
the magnitude of the load torque, which is affected by the throttle aperture 9d given to the 
motor 3. Further, emissions and fuel cost can be improved. 

[0078] The load condition detecting means 60 detects the temperature of the 
lubricating oil of the automatic speed change gear 10 as the load condition. The ignition 
condition setting means 70 sets the ignition condition on the basis of the temperature of the 
lubricating oil of the automatic speed change gear 10. Thus, the timing for igniting the engine 
2 can also be set in accordance with the magnitude of the load torque, which is affected by the 
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temperature of the lubricating oil of the automatic speed change gear 10, given to the motor 3. 
In this case, the ignition rotation number N2 can also be similarly set on the basis of the 
throttle aperture 0d. 

[0079] Further, the ignition condition correcting means 90 corrects the ignition 
rotation number N2 on the basis of the remaining charge amount SOC of the battery 13. 
Accordingly, the ignition timing of the engine 2 can be changed in accordance with the 
remaining charge amount SOC. Namely, when the remaining charge amount SOC is large, 
electric power is consumed by delaying the ignition, or start-up, timing of the engine 2. In 
contrast to this, when the remaining charge amount SOC is small, the ignition timing of the 
engine 2 is hastened. Thus, the consumption of the electric power can be restrained. 

[0080] Further, the ignition condition correcting means 90 corrects the ignition 
rotation number N2 on the basis of the performance state SOH of the battery 13. 
Accordingly, the ignition timing of the engine 2 can be changed in accordance with the 
performance state SOH. Namely, when the performance state SOH is bad, the ignition timing 
of the engine 2 is hastened so that a reduction in voltage can be prevented. 

[0081] In addition, because the ignition condition correcting means 90 corrects the 
ignition rotation number N2 on the basis of the temperature of the battery 13, the ignition 
timing of the engine 2 can be changed in accordance with the temperature of the battery 13. 
Namely, when the temperature of the battery 13 is low, the ignition timing of the engine 2 is 
hastened and^o^r^onsumptiohls restrained~scT that" vol tage~dfop can be^^^tM7"Fufthef; 
the temperature of the battery 13 can be detected by detecting the external air temperature of 
the vehicle. 

[0082] In the above embodiment of the invention, the water temperature of the 
engine 2 and the temperature of the lubricating oil of the automatic speed change gear 10 are 
detected as load conditions and are used as parameters having an influence on the magnitude 
of the load torque given to the motor 3. However, the load conditions are not limited to these 
parameters. For example, the temperature of the engine oil, etc. may be also used as a 
parameter for the load conditions. Any parameter can be used for the load condition if the 
parameter has an influence on the magnitude of the load torque given to the motor 3 at the 
advancing time. 

[0083] Further, in the explanation of this embodiment, the ignition condition 
(ignition rotation number N2) is set on the basis of the water temperature of the engine 2 and 
the temperature of the lubricating oil of the automatic speed change gear 10. However, the 
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invention is not limited to this case. For example, the ignition condition is set on the basis of 
the water temperature of the engine 2 and may be corrected by the temperature of the 
lubricating oil of the automatic speed change gear 10. Otherwise, the ignition condition is set 
on the basis of the temperature of the lubricating oil of the automatic speed change gear 10 
and may be corrected by the water temperature of the engine 2. 

[0084] Further, in this embodiment, the ignition condition correcting means 90 
corrects the ignition rotation number N2 (ignition condition) with the remaining charge 
amount SOC of the battery 13, the performance state SOH of the battery 13 and the 
temperature of the battery 13 as conditions. However, the invention is not so limited. For 
example, a slope descending path, a slope ascending path, atmospheric pressure, etc. may be 
also set as conditions. If it is necessary to correct the ignition rotation number N2, the 
correction may be also made in any condition. 

[0085] Further, in the explanation of this embodiment, the external air temperature 
is detected by the external air thermometer 1 1 and the temperature of the battery 13 is 
detected on the basis of the external air temperature. However, the temperature of the battery 
13 may be also detected by arranging a temperature sensor within the battery 13. 



